Almost all single-family detached house in Canada consume huge electricity for space heating and domestic hot water (DHW) purposes. There are many possibilities to design an energyefficient house. A solar water heating system can be used for domestic water and space heating. Water temperature can be kept constant always by connecting a heat pump or oil burner because solar energy is intermittent. Proper and optimized solar photovoltaic and collector design, tank design, heat pump selection, house insulation, total demand calculation in each section are essential. Energy-Efficient house design has been proposed with water heating and space heating system and compared with the existing system, solar PV based systems, and solar collector based system. The tracking and non-tracking based solar thermal collector based and the solar photovoltaic based system has been compared in this paper and investigate the suitable one for practically applicable and acceptable by the people. Simulation has been done by using the PolySun software. It found that by implementing the proposed PV based system with tracking is highly suitable considering lower cost, high output power, flexibility, easy installation.
with an underground pipe that carries the heated energy to the community's thermal energy storage system.
The storage system is BTES types, and it has 144 holes, each stretching depth is 37 meters, 35 meters diameters. In DLSC, every house is a typical Canadian single-family detached house with 1492 to 1664 square feet in size, which is almost similar to [14] . A large energy-saving building (1, 68, 000 square feet) recently constructed by East Port Properties, Canada before 25 years in St. John's, Newfoundland. It is the first building in Newfoundland, which is using seawater tides for space heating and cooling with 50% energy efficiency [15] . To meet government GHG reduction targets the Newfoundland provincial government are increasing the renewable energy-based power plants and are reducing the fossil fuel-based power plants. The Newfoundland government is also focusing on green building energy projects like solar-based thermal energy, storage system design, net-zero energy building, energy efficiency, and many more relating to green energy production [16] . The K & P contracting Ltd. first successfully built up a net-zero energy home in St. John's, Newfoundland on 2013 [17] . They installed the necessary solar panel to the rooftop and a wind turbine. During the sunny day, solar energy is collected, and during the windy day, the energy comes from wind, and we can store both energies in the thermal energy storage tank. Ronald Brakels mentioned that the sun flux company in Australia proposed the newly designed off-grid PV water heat controller that can be manually and automatically controlled from PV or to the grid. Its efficiency is excellent, but this is not suitable for a bulk amount of electricity generation and heating element. Its rating is near to 4.00 kW, which is capable of raising the temperature to 3.4 o C per hour in a 250-liter water tank [18] . Fudholi at al. [19] analyzed the performance of photovoltaic (PV) and photovoltaic thermal (PVT) and compared the cost, efficiency, and output. He designed both systems for water heating purposes and found that the total yearly output power generation is almost same with PV and PVT systems.
However, the problem is that the PVT system cost is much higher than the PV based systems.
In this work, a residential house has been selected and analyzed its annual consumption, designed the required solar thermal collector and water tank, and designed the required PV systems as well as control systems. Finally, the performance and installation cost has been compared.
Data Collection and Analysis

Weather Analysis
The tested house location is 5, Blue River Place, St. John's, NL, Canada. Based on the PolySun software analysis, the minimum wind speed for power generation is 2m/s, and the maximum value is 10 m/s. At St. John's, NL the average wind speed is 6.6 m/s that is suitable for electricity generation.
The average daily solar radiation is 3.06 kWh per m 2 per day, which is enough to generate heat or electricity. Based on the HOT2000 software, in the selected house location, it is found that the annual sum of global irradiation is 1130 kWh/m² and the annual sum of diffuse irradiation is 611 kWh/m². 
House Analysis
The considered house is a typical single-family house in Canada, and the details of this house described in Table 1 . In the tested house, the hot water supplied by a boiler and space heating is provided by the grid electricity that is the most common scenario of all Newfoundland single-family houses. Thus the vast grid electricity is required, and consumers are paying a large amount of electric bill every year. Based on NL power annual bill summary, the considered house present annual demand is around 19007 kWh of electricity for space heating, DHW and other electrical appliances as shown in Figure. 2 and the distribution of this consumption shown in Figure. 3 based on where it found that the majority of electricity consumed for space heating and DHW.
House Analysis in BEopt Software
This house again was analyzed by using the BEopt. Software. The selected house is shown in Figure. 4. The selected house annual energy demand determination steps are given below: The house parameters are described in Table 2 . All input parameters have been selected carefully based on the existing materials and then clicked on the run button. The simulation was running for 3 minutes, and then the following output has been found, as shown in Figure. 6~7. It is found that the actual energy consumption in the house in Figure. 2 is almost similar to the electrical and thermal consumption of the house, as shown in Figure. 7.
Solar Collector Based Systems
A solar thermal collector and the heat pump added included with the larger size water tank. As solar energy is always variable, so when it will not be available, then the heat pump will act as an auxiliary burner that will keep the water temperature at the desired value. The modified space heating and hot water supply diagram in a single-family house given in Figure. 
Design of Solar Collector
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A solar collector is the primary source of renewable energy in this work. In this research, the water medium considered in the tanks. The stored hot water carried to the radiator for space heating purposes and to the hot water taps (kitchen, bathrooms). To control the circulating pumps are mandatory for water flow. For enhancing heat transfer, proper design is essential. The example site is a single-family house. The DHW distribution scenario in 24 hours, as mentioned in Figure. Where, is the heat capacity of water in kWh/m 3 K.
∆ is the temperature difference between hot and cold water.
By using HOT2000 software, the calculated global solar radiation at AM 
AE-21 model solar collector dimension is considered
Total collector area for space heating and DHW=10.08 m 2 ≅10 m 2 (eq. 4 and eq. 6).
The collector should be facing the south at an angle of 47 0 . As the selected house is on the northern side of the equator, so the collector should be placed in a south-facing [20].
Selection of Water Tanks and Burners
In the tested house, the existing tank or boiler size is smaller because the only DHW supplied by using this tank. The conventional electric heater is using to supply space heating. The tank water is heating by using grid electricity. The preheating water tanks designed in section V (A) which is 132 liter, and 200-liter water tank (stainless) considered as the main tank by optimized, as shown in Figure   8 for both models. The solar energy is intermittent, so for maintaining the fixed temperature auxiliary burner is necessary. There are different types of auxiliary burner available in literature such as a gas burner, heat pump, oil burner, Siemens, hydraulic, air inverter, air combo. Before selection, the consideration of input and output power of each burner is essential. Among them, the oil burner and the heat pump is popular in NL area. The oil burner efficiency is less compared to the heat pump.
The performance of both systems compared in Table 4 . The heat pump power consumption considered as a load of the designed house.
Installation cost analysis
The setup cost distribution for the solar collector and energy storage system described in Figure. 10. Figure 10 . Installation cost distribution by section [23] The calculation has been done based on the above design and the latest market price in Amazon.ca Table 3 . The cost summary of collector based systems based on Amazon.ca.
Descriptions
Sizing and prices
The selected collector area (each) 68×48×60 inches=2.1 m 2 .
The total area of all solar collector 2.1×5=10.5 m 2 . 
Simulation Result
The modified single-family house, as shown in Figure. The simulation has been done carefully for every month of a year. It found that the model 2 solar fraction and collector output is always higher compared to model 1. The collector output is available around the year, as shown in Figure. 11.
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Tank, 24% Pump & controller, 8% The total system energy consumption with a heat pump and with the oil burner are almost the same because this is the total energy consumption of the systems. As the oil burner input is furnace oil with 95% efficiency and the consumption is higher than the electricity consumption in the heat pump. The average efficiency of the heat pump is around 300% to 500%. Usually, from Jun to Aug is the hottest months in Newfoundland, so the overall consumption is lower than the other months, as shown in Figure. 12. Here the total energy consumption means electrical and thermal energy. The efficiency of the oil burner is less compared to the heat pump, that is why to do the same purpose, the consumption is more than the heat pump. The efficiency of an oil burner and heat pump compared in Figure. 13. It found that the output is much higher to input for heat pump (model 2). The COP is 3.33 for the heat pump but based on the oil burner (model 1) efficiency curve, and it is not suitable for the application. The designed system is correct, and energy demand is satisfied, as shown in Figure. 12.
The existing house can modify now to the energy-efficient house in two possible ways such as model 1 and model 2. The performance of both systems compared in Table 4 . In NL, Canada the electricity price is 0.12 CAD/kWh that considered for electric bill calculation. Usually, one liter of furnace oil price is 0.82 CAD, which is also equivalent to 10.27 kWh of energy. 
Performance Analysis
In this research, it shown that if a Newfoundland detached house can modify by using proposed model 2 (with heat pump) for heating and DHW supply, then the grid energy demand will be mitigated by using renewable energy and people will see a considerable reduction in electricity bill every month. Besides that, CO2 emission will reduce significantly. During the peak time usually, the electricity demand is high if the proposed system (model 2) will apply, then grid overloading will not occur in the future. People need to invest money for the first time as the additional equipment installation cost, and it will return within a few years from energy saving. The proposed system (model 2) is practically applicable, profitable, and reliable. This research can be further modified by using the latest designed collector with tracking, using sessional energy storage system and the design of the required control system.
Solar Photovoltaic Based System
The central systems in Figure. 8 is considered again with the solar PV module instead of solar thermal collector, and the design steps are given below [24] :
Sizing PV for Water Heating
Required load for water heating= 6.89 kWh/day (standard two rooms for 4 people) The total number of a solar panel for water and space heating is 70 numbers, which are equal to 43.94 m 2 .
Sizing of Inverter and the MPPT
For safety, the inverter should be considered 20-25% bigger size. For this project, the inverter size is 12000 W. The detail specification of the PV module described in section 5.4, and the detail specification of the electric water heating tank. The maximum power point tracking (MPPT) is optional in this research. If anybody wants to supply the excess electricity to the residential load or appliances, then it will be necessary.
Specifications of Selected PV Panel
There are many companies that manufacturing PV module, we picked one, and the detail descriptions of the selected 150 W PV Polycrystalline module is given below: Item Size: 930×675×3 mm, maximum power 
Control and Monitoring Systems
The description of each PV module has been describing in section 3.5. The complete system is shown in Figure 14 , and the controller operating principle is described in Figure 15 . During the day time, when the sunshine is available, the tree position switch transfers the AC power to the water tank. The temperature of the water reaches the desired temperature (50 o C) within two hours. The sensors always monitor the water temperature, when reaching the tree position switch transfer the power to the room heater-1 and room heater-2. After consumption of some hot water, new cold water comes into the tank; if the temperature is below the set temperature, the three-position switch again connects to the tank. In this way, the water tank temperature always maintains the set temperature.
During the night time, when the solar energy is not available, then it is difficult to maintain the set temperature, then based on the temperature sensor reading, auxiliary heater coil supply heat from the electric grid to the water to maintain the water temperature based on the set temperature. When the water level is right then the valve two is not taking cold water, when the level goes lower then valve two open until the tank fills up. The controller will do everything, as shown in Figure. 14. The calculation and the total installation cost has been done based on the above design and the latest market price in Amazon.ca. Thermal power requirement, Q=(4.2×332×(50-2))/3600=18.60 kW.
Is the two heating element rating is 12.0 kW, then the time needed to reach this temperature is 18.60/12=1.55 hours.
Simulation Result
The total solar PV based space and water heating system described in Figure 14 . This complete system has been designed and simulated in the PolySun software environment. The total output of all PV modules without tracking shown in Figure. 17. The electrical power consumption is given in Figure. 18. It is found that it varies month to month but not more than 600 kWh per months that will mitigate from the batteries when sunshine is not available. The whole system has been simulated again with the MPPT and a 12 kW DC battery bank with on-grid power system network for storing energy for residential all electrical load appliance.
The simulation data with MPPT is summarized and described in Table 6 .
Overall Comparison of the Both Systems
Comparing the design, sizing, cost analysis, output power, rate of return of both system, the final overview has been summarized in Table 7 .
In every year, the depreciation cost has been considered as 5% and calculated the total annual savings up to 30 years because the lifetime of the system has been considered as 30 years as shown in Figure. 19. It is found that the PV based system is more efficient and economical. The summation of 30 years annual savings is much more in PV based system compared to the solar collector based system. Besides that, the PV based system needs lower maintenance, and the fittings and other components need less maintenance as well. The comparison of Figure. 19 has been determined by considering the 5% depreciation per year.
Here it proves that the annual saving is almost 3.5 times of PV based systems compared to the collector-based system over 30 years, and the rate of return is also lower in PV based systems.
Although the general efficiency of the solar PV module is around 15~20% and the efficiency of solar collector is around 60~80%, but the PV module is much cheaper than solar thermal collector. 
Conclusion
In Canada, the total 13% of total electricity is consumed by the residential sector on which 81% of electricity is consumed for space heating and water heating purposes. By implementing the solar collector based thermal energy storage system, it is possible to save 50% of electricity. By implementing the solar photovoltaic based system, and it is possible to save 100% of electricity for residential purposes. From the above design and calculations, it is found that the setup cost of solar collector based system is higher compared to the PV based system, but the output power is much lower in solar collector based system. Recently the cost of PV panel is reduced significantly. This system is also suitable for other house appliances as well. However, it needs more space for PV panel setup. In the selected house rooftop, space is two times of space available compared to the required space or usually all Canadian single-family residential houses have this space. Finally, in overall justification, the solar PV based system is a more suitable, cost-effective, and reliable solution for house appliances, water heating, and space heating purposes. This system can be designed and simulated with solar combi system with a robust controller.
